Faint high-latitude carbon stars (FHLCs) are distant, luminous giants. For this reason, they are often used to study the dynamical and chemical properties of the Galactic Halo. However, a more accurate investigation of photometric and spectroscopic surveys has revealed an increasing number of such objects with luminosities of main sequence stars. We report the first results of a systematic search of FHLCs using the Digitized First Byurakan Survey (DFBS) low-resolution spectral database. The DFBS low-resolution spectral plates are analysed to find new faint early and late-type carbon star candidates. Twenty new faint high-latitude carbon star candidates have been detected in an area of ∼4030 sq. deg. Moderate-resolution slit spectroscopy was carried out for all candidates, confirming the carbon star nature for thirteen of them (nine are new discoveries), while the remaining objects are M-type stars. The carbon star sample consists of five N-type carbon stars, for which the estimated mass-loss rates agree well with the typical ones found for such carbon stars; five comparatively bright CH-type carbon stars; and three are probably dwarf carbon (dC) stars. The distance determination indicates that the dC stars belong to the thin disk, while the other stars belong the Galactic halo. These results demonstrate that one can efficiently find new faint high-latitude carbon stars in the DFBS database.
Introduction
The First Byurakan Survey (FBS) is an objective-prism spectral survey that covers the largest area to date. It is performed with the Byurakan Observatory Schmidt telescope, which covers about 17 000 sq. deg. of the northern sky and part of the southern sky at high Galactic latitudes, with a total of about 2 × 10 7 objects catalogued in the entire survey. The object selection can be made according to their colours, broad emission, or absorption lines, or the spectral energy distribution (SED) to discover, classify, and investigate them. The original aim was to search for and characterize extragalactic objects, but the large amount of spectral information contained in the plates allowed a systematic search for late-type stars (Gigoyan et al. 2001 , Gigoyan & Mickaelian 2012 . Up to now all results were obtained by eye inspection of the plates performed with the aid of a microscope at the Byurakan Observatory. Now, the entire plate set has been digitized, leading to the Digitized First Byurakan Survey 1 (DFBS, Mickaelian et al. 2007) , providing an astrometric plate solution (the typical accuracy is ∼1 ), and developing an automatic procedure to extract the spectra contained in the plates to allow a computer-based re-analysis of the data set.
Carbon (C) stars, objects with pronounced C 2 and CN molecular bands in their spectra (for a review of carbon stars, see Wallerstein & Knapp 1998; Lloyd Evans 2010) can be mainly 1 http://byurakan.phys.uniroma1.it; http//www.aras.am/ Dfbs/dfbs.html divided into (i) intrinsic N-type stars and (ii) binary stars with one of the two components that has already passed through the AGB phase and pollutes its companion with C-rich material. Intrinsic N-type carbon stars are, in general, red, luminous, variable, and on the asymptotic giant branch (AGB), for which carbon is synthesized in the core and dredged up to the stellar surface. Among the binary C stars are the CH-type giants and carbon dwarfs (dC), which are generally older than N-type objects.
The goal of this paper is to show that the DFBS is a good database to efficiently find and study early and late subclasses of the faint high-latitude carbon stars. This is illustrated here through the detection of thirteen carbon star candidates.
The data

The Digitized First Byurakan Survey data
The DFBS spectra have a spectral range ∼3400-6900 Å, with a sensitivity gap at 5300 Å and a spectral resolution of R = 70 in average (the dispersion is 1800 Å/mm near Hγ and 2500 Å/mm near Hβ). We have performed our systematic search from DFBS plates at declinations centred on δ = +39
• , +35
• , +43
• and δ = +63
• to +88.5
• (this represents 12 zones of 27, near ∼4030 sq. deg 2 ). The DFBS spectral plates are analysed with the help of A&A 544, A95 (2012) standard image analysis softwares (FITSView and SAOImage ds9). This visualisation allows us to detect very red and faint candidate stars close to the detection limit in each DFBS plate (particularly, the range ∼6500-6900 Å for the very late subclasses of the N-type and M-type stars, Gigoyan et al. 2010 Gigoyan et al. , 2009 ) and to perform a better selection of red objects using the possibilities of the analysis softwares compared to the eye-piece search used before (Gigoyan et al. 2001) . The second and also very significant advantage is using the image analysis softwares for comparatively bright (m V ∼ 12-13 mag) early-type carbon stars, for which in the blue part of the low-resolution spectra the C 2 absorption bands are not easy to detect due to saturation. The investigation of the listed zones resulted in the discovery of 20 new C star candidates. Moderate-resolution spectroscopic observations (see Sects. 2.2 and 4) confirmed the C star nature for thirteen of them, the remaining objects are M-type stars (later than M7).
Optical spectroscopy
To confirm the nature of the detected candidates, moderateresolution spectroscopic observations have been performed for all of them. The observations were carried out on the 2.6 m telescope at the Byurakan Astrophysical Observatory (BAO, Armenia), with the SCORPIO spectrograph (Lick 3 2063 × 2058 CCD with 15 μm × 15 μm pixels). The dispersion is 1.9 Å/pixel (δλ = 8 Å at 6000 Å) with a wavelength coverage of 4000-7300 Å.
For DFBS J064958.54+741610.1 we obtained a spectrum in the range 4300-7500 Å with the 1.93 m telescope equipped with the CARELEC spectrograph (300 lines/mm grating, EEV 2048 × 1024 CCD chip with 13.5 μm × 13.5 μm pixels) at the Haute-Provence Observatory (OHP, France). The resulting dispersion is 1.8 Å/pixel and δλ ∼ 6.7 Å at 6000 Å.
Standard data reduction was carried out with ESO-MIDAS. All obtained spectra are presented in Figs. A.1 and A.2.
Ancillary data
Photometry and associations
To establish the magnitude and counterpart of the sample stars (see Table 1 ) we cross-correlated them with the Two Micron AllSky Point Source Catalogue (2MASS catalogue, Skrutskie et al. 2006) , the USNO-B1.0 catalogue (Monet et al. 2003) , the Guide Star Catalogue 3 (Lasker et al. 2008 ) and the IRAS Point-Source Catalogue (Beichman et al. 1989) .
We also checked for known associations (search radius 2 ), from the SIMBAD 4 astronomical database. Four associations were found. DFBS J020008.95+413747.4 and DFBS J230835.19+403533.9 were noted as carbon stars by Neill Reid et al. (2008) in the course of searching for ultracool dwarfs in the 2MASS catalogue. DFBS J172825.82+700829.6 was confirmed as a very distant N-type cool carbon star in the Galactic halo by Mauron et al. (2004) . DFBS J064958.54+741610.1 (a late N subclasse star) was associated with FBS 0643+743 in previous FBS lists. It was erroneously classified as an M8-M9 star (Abrahamian & Gigoyan, 1995) .
Despite the 0.3 mag uncertainty of the USNO-B1.0 magnitudes, the stars n • 4, n • 5, and n • 10) have B − R > 3.0, corresponding with the typical colour of late N-subtypes carbon stars. 3 GSC2.3, CDS catalogue I/305. 4 http://simbad.u-strasbg.fr/simbad/ Finally, the stars n • 4, n • 5, and n • 10 exhibit IRAS counterparts among which star n
• 5 is the reddest.
Proper motion and variability
We used the method previously applied for the FBS blue stellar objects by to calculate the proper motions of the star sample. The POSS1 and POSS2 best positions were calculated by averaging of APM/MAPS/USNO-A2.0/DSS and USNO-B1.0/GSC2.32./DSS2, respectively. Knowing the epoch of observations for each object individually (from DSS1/DSS2 plates), the proper motion was calculated.
In this framework, only stars n • 8, 11 and 13 show detectable proper motions (∼10 mas/yr).
We used the Northern Sky Variability Survey 5 (NSVS, Wozniak et al. 2004a) database to study the variability of the 13 new stars which have all been monitored by the NSVS. This survey provides light curves 6 with a one year baseline for sources with V magnitudes ranging 8 to 15.5.
Only three objects are classified as variables in the catalogue 7 of Wozniak et al. (2004b) : the star n • 3 is classified as a semi-regular (SR) variable (P = 383 days, Δm = 1.55 mag) and stars n
• 5 and n • 12 as Mira-type (M) variables (P = 356 days, Δm = 3.119 mag and P = 361 days, Δ = 1.772 mag respectively). The stars n
• 4 and n • 10 can be classified as M-type variables. All other stars have an amplitude of variability of less than Δm ≤ 0.2 mag.
Discussion
Spectral types of the new objects
Although our spectral resolution does not allow us to derive isotopic ratios, it is sufficient to detect and measure the prominent spectral features that define the carbon type by comparing our targets with those of known spectral standards presented by Barnbaum et al. (1996) and using a number of the wellknown characteristic spectral features of each group presented in Walllerstein & Knapp (1998) , Barnbaum et al. (1996) , Goswami (2005) , Goswami et al. (2010 ), Lloyd Evans (2010 and Totten & Irwin (2000) .
As a first step the general aspect of the spectrum allows us to distinguish N-stars from C-R and CH-type stars. A very strong depression of light below 5000 Å is a typical carbon star feature that only appears in the N-stars (Wallerstein & Knapp 1998; Lloyd Evans 2010) , and Hα tends to be filled or in emission in most N-type stars (Gray & Corbally 2009 ). Inversely, early-type carbon stars show a relatively strong blue/violet continuum, but the spectra of C-R and CH-type stars are very similar (Barnbaum et al. 1996; Goswami 2005; Goswami et al. 2010) .
To specify the classification we used several spectroscopic and photometric characteristics that are summarized as follows:
1. Molecular bands: strong/or weak G band of CH molecule at 4300 Å with secondary P branch head at 4342 Å, which is the most useful indicator of the difference between CH and C-R stars. 2. Strong 12 C bands at 4737, 5165, 5636, 6122, and 6192 Å. As a supplementary diagnostic tool for stellar classification we used JHK photometry. Figure 1 presents a near-infrared twocolour diagram for the 13 DFBS C stars (in the SAAO photometric system obtained by transforming the 2MASS magnitudes according to Koen et al. 2007 ). The expected location of the C-N type (detached lines), C-CH type (solid line) and dC (dots) carbon stars are presented (adapted from Totten et al. 2000; Goswami et al. 2005; Goswami et al. 2010; Rossi et al. 2011) . In this diagram, CH-type FHLC stars almost exclusively populate the left-hand corner. DFBS J190034.62+440829.1, which shows complex spectra (and detectable proper motions) lies in the dwarf zone. DFBS J145241.15+785923.8 and DFBS J234043.43+353104.4 lie on the boundary between CH and the dwarf zone. Westerlund et al. (1995) defined dwarf carbon (dC) stars as having J − H < 0.75, H − K > 0.25 mag. Using the transformations of Bessel & Brett (1988) , these limits become 0.76 and 0.26, respectively, in the SAAO system, similar to that seen in Fig. 1 . The JHK colours alone are not decisive evidence to guarantee membership of the dC star class because some fraction of the confirmed dC stars discovered recently (Downes et al. 2004 ) lies on the CH boundary region and in the boundary region between CH-giants and dC stars. This is the case of PG0824+289, which is placed in the CH domain (Rossi et al. 2011 ) and has a composite spectrum (Heber et al. 1993) , and CLS 29 as described by Totten et al. (2000) . Then according to Fig. 1 , DFBS J145241.15+785923.8, J190034.62+440829.1, and J234043.43+353104.4 are probably dC stars.
The spectral type of the thirteen candidates is listed Table 1 and the detail of the spectral classification is presented in the Appendix.
Distance and mass loss 4.2.1. CH-giants
To calculate the distance to the CH-type stars (Table 2) , we used the empirical colour-magnitude relationship obtained by Totten et al. (2000) for the carbon giants located in nearby Galactic satellite systems including the dwarf satellite galaxies, LMC and SMC assuming that these satellite galaxies contain a population of carbon stars of similar nature. This relation requires JHK photometry in the SAAO system. The typical uncertainty of this relation on M K is δM K = 0.5 mag.
N-type stars
To estimate the distance (Table 2) to the DFBS N-stars based on the 2MASS K s magnitude, we used the relations given in the literature obtained recently for N-type carbon stars.
We first determined the photometric distance using colourmagnitude relations. For each of the thirteen stars, the extinction A Ks , from Schlegel 8 et al. (1998) , allows us to determine the (J − K s ) o and (J − H) o using the relations established from Fitzpatrick (1999) . Sloan et al. (2008) found for carbon stars in 19.9 ± 2.1 1.0 -6.6, 12.9, -22.1 4 J032912.92+445330.0 8.3 ± 1.2 1.3 -1.4, 4.1, -15.6 5 J064958.54+741610.1 5.9 ± 0.6 7.0 2.6, 3.4, -12.6 6 J115153.56+412232.9 9.8 ± 2.3 9.3, 1.1, -11.5 7 J135831.62+671042.7
15.3 ± 3.7 11.5, 9.3, -12.5 8 J145241.15+785923.8 0.054 ± 5 × 10 −3 0.03, 0.04, -8.5 9 J172734.59+651110.4
9.1 ± 2.2 4.9, 7.6, -9.2 10 J172825.82+700829.6
21.8 ± 3.1 2.6 11.7, 18.1, -11.9 11 J190034.62+440829.1 0.033 ± 3 × 10 12.9 ± 1.2 3.6 -4.0, 11.9, -11.2 13 J234043.43+353104.4 0.065 ± 6 × 10 (2008) also showed that carbon stars in the Sagittarius dwarf galaxy seem to follow a similar relation, but they appear to be less luminous than those of the LMC on average by 0.5 mag. Then, as in Mauron (2008), we assumed that our stars are similar to those of the Sagittarius dwarf galaxy and the adopted M Ks will be given by the relation plus 0.5 mag.
The distance can also be determined from the periodluminosity relation using the NSVS periods assuming that the 2MASS K s magnitude is not very different from the time-averaged magnitude. For semi-regular (SR) variables we adopted Knapp et al.'s (2003) relation, while for Mira-type stars we adopted the revised Groenewegen & Whitelock (1996) relation. We found a good agreement between the photometric and the period-luminosity distances because their mean differences is 1.4 kpc. For the three variable stars the adopted distance quoted Table 2 is the statistically averaged distance from the two methods.
In addition to the distance we evaluated the mass loss rates (in M yr −1 ) using the LeBertre (1997) relation. Based on modelling of the circumstellar dust shells, he found a correlation between mass loss rate and J − K for N-type carbon stars with 2 ≤ J − K ≤ 7. The obtained mass loss rates (Table 2) are typical of carbon stars (∼1.5 10 Olofsson et al. 1993 ). Wallerstein & Knapp (1998) showed that on average, Mira variables have much higher mass loss rates than stars of other variable types. Although Miras with marginal mass-loss rate and semi-regular variables with pronounced winds have been observed, the approximate mass-loss rate established for stars n
• 5 and 12 agrees with their Mira variable type.
Candidate dC stars
We estimated the distance to the dC candidates (Table 1) adopting M K = +6.3 (Harris et al. 1998) , which is a mean value because dC stars with known parallaxes show +6.1 < M Ks < +6.5 (Lowrance et al. 2003) . This gives an M V of +9.75 ± 0.20, +9.29 ± 0.19, and +9.89 ± 0.20 for stars n • 8, n • 11 and n • 13, respectively. These values agree well with those of known carbon dwarfs, an exotic class of objects, which are widely accepted as binary systems.
The galactic context
Totten et al. (2000) argued that many of the halo carbon stars are tidal debris of merging events. Accordingly, to place the new N-type stars in the galactic context, in particular to know if they originate from our Galaxy or from a different stellar system recently accreted by the Milky-Way, the galactocentric XYZ coordinates (see Table 2 ) were calculated following the convention of Newberg 9 et al. (2003) . For our Galaxy, the thin disk scale height is ∼0.23 kpc (Veltz et al. 2008) , while the thick disk scale height is between 0.75 kpc (de Jong et al. 2010 ) and 1.05 kpc (Veltz et al. 2008) . Except for the stars that have a distance <1 kpc (stars n • 8, 11 and 13) and then naturally belong to the thin disk, all other stars are located beyond the thick disk (Z > 1.05 kpc).
We then looked at their position with respect to known streams and stellar overdensities (de Jong et al. 2010) . The most important stream is the Sagittarius Stream (Sgr Stream), which is a sub-structure in the Galactic halo. Depending on the direction, the distance of stars in the Sgr Stream is between 16 kpc and 50 kpc. The northern part is clearly visible at a heliocentric distance just outside 25 kpc while its southern part is stongly detected at l ∼ 94
• and 178
• at a distance of about 20 kpc (de Jong et al. 2010) . Traced with M-type giants (Majewski et al. 2003) , the Sgr Stream is a planar sub-structure approximatively given by the following equation (Newberg et al. 2003 (Majewski et al. 2003) , a star will belong to it if d Sgr < 7 kpc. Both stars n • 3 and 10 have d Sgr much larger than 7 kpc, indicating that they do not belong to the Sgr Stream. We also checked that the stars beyond the thick disk do not belong to any other special streams/overdensities as listed by de Jong et al. (2010) . We therefore conclude that they are most probably Galactic halo objects.
Conclusion
A search througth about 4030 sq. deg. area of high-latitude sky by DFBS plates yielded more than 20 carbon star candidates. Moderate-resolution CCD spectra confirm the carbon nature for thirteen of them. Nine of these thirteen stars were previously uncatalogued. The most important result is the discovery of the three dC star candidates, which need high-resolution investigations to quantify their possible binarity. In the same area, 33 new FBS carbon stars were previously found by eye inspection of the FBS plates. Thanks to the digitalization of the FBS survey, we have increased our sample of faint high-latitude carbon stars to 40%, demonstrating that DFBS is a good database to efficiently find such stars. Downes et al. (2004) found 251 FHLC stars in more than 3000 sq. deg. of high-galactic latitudes, based on colour selection from a deep images (15.6 < r < 20.8) survey. However, because of saturation, they were unable to access to stars brigther than r = 14 mag while inversly DFBS can observe them. Therefore, a systematic search for faint carbon stars using the DFBS database is in progress. 
